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(g) Bonding device. 

@ There is disclosed a bending device for use in an endoscope or the like. The bending device includes 
an articulation assembly (10) constituted by a number of segments (11). In order to increase the rigidity 
of the articulation assembly in its radial direction, each segment has such a simple configuration that 
the segment can be fbmied by bending a hard metal plate such, for example, as a hard spring metal. 
More specifically, the segment has a semi-cylindrical portion (12) and a pair of extension portions (13) 
extending respectively from opposite circumferential ends of the semi-cylindrical portion in a direction 
of the circumference of the semi-cylindrical portion. A pair of notches (15) are formed respectively in 
opposite axial ends of the segment at the boundary between each of the opposite circumferential ends 
of the semi-cylindrical portion and each of the extension portions. The notches of the adjacent 
segments are engaged with each other so that the adjacent segments can be angularly movable relative 
to each other about those portions of the adjacent segments engaged with each other. The extension 
portions of each of the segments are disposed inwardly of the semi-cylindrical portion of its adjacent 
segment 



00 
CM 



Q. 

UJ 



Fig. 2 



21 I 15 



I 




5 f 



1 



EP0 448 284 A2 



2 



BENDING DEVICE 



BACKGROUND OF THE INVENTION 

This invention relates to a bending device for use 
in an endoscope or the like. 

As is well known, an endoscope comprises a hoi- 
low body, a flexible insertion portion extending from 
the front end of the body, a flexible bending portion 
extending from the distal end of the insertion portion, 
and a rigid portion formed on the distal end of the 
bending portion. An inspection window and an illumi- 
nation window are formed at the rigid portion. A mani- 
pulation dial is mounted on the body, and is connected 
to the bending portion through an operating wire. The 
manipulation dial is angularly moved to bend the 
bending portion so that the inspection window, formed 
at the rigid portion, can be directed to a desired direc- 
tion. The bending portion comprises an articulation 
assembly constituted by a series of segments angu- 
larly movably connected to one another. 

Japanese Patent Publication No. 631/77 dis- 
closes an articulation assembly. Each of segments 
constituting this articulation assembly has a semi- 
cylindrical portion, and a pair of auxiliary tubular por- 
tions of a very small diameter formed respectively on 
the opposite circumferential ends of the semi-cylindri- 
cal portion. A number of segments are disposed along 
a line in such a manner that the semi-cylindrical por- 
tions of any two adjacent segments are directed In 
opposite directions, respectively, with the auxiliary 
tubular portions of one of the two adjacent segments 
aligned respectively with the auxiliary tubular portions 
of the other segment A pair of limiting wires are pas- 
sed respectively through the oppositely-disposed two 
rows of aligned auxiliary tubular portions to intercon- 
nect the segments in such a manner as to prevent the 
segments from moving radially relative to one 
another. A guide portion is formed on the circumferen- 
tialiy central section of the semi-cylindrical portion of 
each segment which is circumferentially spaced 90° 
from the auxiliary tubular portions, and an operating 
wire is passed through the guide portions of the seg- 
ments. 

In the articulation assembly of the above con- 
struction, since the segment has the auxiliary tubular 
portions of a very small diameter formed respectively 
at the opposite circumferential ends thereof, a plate or 
strip of relatively soft metal must be used when the 
segment is formed by bending the metal plate. There- 
fore, when a compressive force is applied to the seg- 
ment in the radial direction of the segment, the 
segment is liable to be deformed into a flattened con- 
figuration, and various parts received inside the seg- 
ments are compressed, and in the worst case, such 
parts may be damaged. 

The prior art includes Japanese Laid-Open 



(kokai) Patent Application No. 130025/83 which 
shows in Fig. 7 an articulation assembly comprising a 
number of cylindrical segments. The segment has two 

5 pairs of engaging portions. One pair of engaging por- 
tions are radially opposed to the other pair of engag- 
ing portions. Each pair of engaging portions are 
spaced from each other In the axial direction of the 
segment Each engaging portion has a pair of pieces 

10 projecting from the edge of the segment in the axial 
direction of the segment One of the pair of pieces 
slightly projects radially outwardly from the outer 
peripheral surface of the segment, and the other piece 
slightly projects radially inwardly from the inner 

15 peripheral surface of the segment The engaging por- 
tions of any two adjacent segments are engaged with 
each other to form the articulation assembly. 

Japanese Laid-Open Utility Model Application 
No. 1 0605/80 discloses a segment in the form of a flat 

20 plate, and this segment has a pair of V-shaped 
notches, and the notches of any two adjacent seg- 
ments are engaged with each other. 

SUMMARY OF THE INVENTION 

25 

It is an object of this invention to provide a bend- 
ing device comprising an articulation assembly which 
can withstand a high compressive force acting in a 
radial direction of the articulation assembly. 

30 According to the present invention, there is pro- 
vided a bending device comprising: 

(a) an articulation assembly comprising a number 
of segments, each of the segments having a se- 
mi-cylindrical portion and a pair of extension por- 

35 tions extending respectively from opposite 
circumferential ends of the semi-cylindrical por- 
tion in a direction of the circumference of the se- 
mi-cylindrical portion, a pair of notches being 
formed respectively in opposite axial ends of the 

40 segment at the boundary between each of the 
opposite circumferential ends of the semi-cylin- 
drical portion and each of the extension portions, 
a number of the segments being arranged along 
a line in such a manner that the semi-cylindrical 

45 portions of any two adjacent ones of the seg- 
ments are directed in opposite directions, re- 
spectively, the pair of notches in one axial end of 
one of the adjacent segments being engaged re- 
spectively with the pair of notches in one axial end 

so of the other segment opposed to the one axial end 
of the one segment, so that the adjacent seg- 
ments can be angularly movable relative to each 
other about those portions of the adjacent seg- 
ments engaged with each other, the pair of exten- 

55 sion portions of the one segment being disposed 
inwardly of the semi-cylindrical portion of the 
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other segment, and the pair of extension portions 
of the other segment being disposed inwardly of 
the semi-cylindrical portion of the one segment 
and 

(b) operating wire means for bending the articu- s 
lation assembly, the operating wire means being 
subjected at its proximal end to an operating 
force, and the operating wire means being fixed 
at its distal end to a distal end of the articulation 
assembly. 10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a firont-elevational view of an endoscope 
incorporating a bending device according to the 15 
present invention; 

Fig. 2 is a firont-elevational view of an articulation 
assembly of the bending device; 
Fig. 3 is an exploded, perspective view of a por- 
tion of the articulation assembly; 20 
Fig. 4 is a perspective view showing the condition 
of engagement between adjacent segments of 
the articulation assembly; 
Fig. 5 is a transverse cross-sectional view of the 
segment; 25 
Fig. 6 is a perspective view of the segment; and 
Fig. 7 is a plan view of a metal plate serving as a 
material for the segment 

DESCRIPTION OF THE PREFERRED 30 
EMBODIMENT OF THE INVENTION 

A preferred embodiment of the invention will now 
be described with reference to the drawings. 

An endoscope shown in Fig. 1 comprises a hollow 35 
body 1, an insertion portion 2 extending from the front 
end of the body 1, a bending portion (bending device) 
3 extending from the distal end of the insertion portion 
2, and a rigid portion 4 formed on the distal end of the 
bending portion 3. The insertion portion 2 and the 40 
bending portion 3 are of a tubular shape, and are so 
flexible as to be bent 

An ocular tube 6 is mounted on the rear end of the 
body 1. A cable (not shown) is connected at one end 
to the side wall of the body 1, and a connector (not 45 
shown) connectable to a light source is connected to 
the other end of this cable. 

An inspection window and an illumination window 
are formed at the rigid portion 4. The ocular tube 6 is 
optically connected to the inspection window via an so 
image-transmitting optical system (not shown) includ- 
ing an optical fiber bundle passing through the body 
1, the insertion portion 2 and the bending portion 3. 
Illumination light from the light source Is supplied to 
the illumination window via an optical fiber bundle 55 
passing through the connector, the cable, the body 1 , 
the insertion portion 2 and the bending portion 3. 

The insertion portion 2 comprises a spirally- 



wound strip, a braid fitted on this strip, and a resin tube 
fitted on the braid. The bending portion 3 comprises 
an articulation assembly 10 (later described), a braid 
fitted on the articulation assembly 1 0, and a resin tube 
fitted on this braid. The braid and the resin tube of the 
bending portion 3 are softer than the braid and the 
resin tube of the insertion portion 2, respectively. 

The construction of the bending portion 3 will now 
be described in detail with reference to Figs. 2 to 6. 
As shown in Fig. 2 V the bending portion 3 comprises 
the articulation assembly 10 which has a generally 
cylindrical shape as a whole. The above-mentioned 
optical fiber bundles and etc., are passed through the 
interior (internal space) of the articulation assembly 
10. The articulation assembly 10 comprises a number 
of segments 11 of identical shape. 

As best shown in Figs. 5 and 6, the segment 1 1 
has a semi-cylindrical portion 12 extending over gen- 
erally 180°, and a pair of extension portions 13 
extending respectively from opposite circumferential 
ends of the semi-cylindrical portion 12. Each exten- 
sion portion 13 has the shape of an arc disposed on 
a circle substantially concentric with a circle in which 
the semi-cylindrical portion 12 lies. The radius of cur- 
vature of the outer peripheral surface of the extension 
portion 13 is substantially equal to the radius of cur- 
vature of the inner peripheral surface of the semi- 
cylindrical portion 12. A step 14 is formed at the 
boundary between the semi-cylindrical portion 12 and 
each extension portion 13. The step 14 is inclined, for 
example, generally 45° with respect to an imaginary 
line which passes radially transversely of the semi- 
cylindrical portion 1 2 and through the center of the cir- 
cle in which the semi-cylindrical portion 12 lies. The 
width of the semi-cylindrical portion 12 in its axial 
direction is narrowed at its circumferentially central 
section, and increases progressively toward the 
opposite circumferential ends of the semi-cylindrical 
portion 12. A pair of V-shaped notches 15 are formed 
respectively in the opposite axial ends of the segment 
1 1 at the boundary between each of the opposite cir- 
cumferential ends of the semi-cylindrical portion 12 
and each extension portion 13, the pair of V-shaped 
notches 15 opening away from each other in the direc- 
tion of the axis of the segment 1 1 . A bottom 1 5a of the 
notch 15 is in registry with the step 14. Opposed side 
edges 15b of the notch 15 are inclined at the same 
angle with respect to an imaginary line passing 
through the bottom 15a in the direction of the axis of 
the segment 11. 

A pair of guide portions 16 are formed on the cir- 
cumferentially central section of the semi-cylindrical 
portion 12, and are spaced from each other in the 
direction of the axis of the semi-cylindrical portion 12. 
The guide portions 16 are circumferentially spaced 
90° from the notches 15. The guide portions 16 pro- 
jects radially inwardly from the semi-cylindrical por- 
tion 12. 
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For the sake of simplicity of the illustration, the 
steps 14 are omitted in Figs. 2 to 4. and are shown 
only in Figs. 5 and 6. Also, the guide portions 16 are 
omitted in Figs. 2 and 3, and are shown only in Figs. 
4 to 6. 5 

The segment 1 1 of the above construction is for- 
med by bending a metal plate 100 shown in Fig. 7. 
That portion of the plate 100 indicated by reference 
character A serves as the semi-cylindrical portion 12, 
and opposite end portions B of the plate 1 00 serve as 10 
the extension portions 13, respectively. Those por- 
tions of the plate 100 indicated by reference character 
C serve as the steps 14, respectively. The notches 15 
are beforehand formed in the plate 100. The segment 
1 1 does not have any tubular portion of a very small 15 
diameter, and has such a shape into which the metal 
plate 100 can be easily bent Therefore, the metal 
plate 100 made of a spring material harder than con- 
ventionally-used materials can be used as the ma- 
terial for the segment 11. 20 

As shown in Fig. 3, a number of segments 1 1 of 
the above construction are arranged along a line in 
such a manner that the semi-cylindrical portions 12 of 
any two adjacent segments 1 1 are directed in oppo- 
site directions, respectively, and in this condition the 25 
segments 1 1 are engaged with one another. The con- 
dition of engagement between the two adjacent seg- 
ments 1 1 will now be described in detail with particular 
reference to Fig. 4. The pair of notches 1 5 in one axial 
end of one segment 11 are engaged or meshed re- da 
spectively with the pair of notches 1 5 in one axial end 
of the other segment 1 1 opposed to the one axial end 
of the one segment 11, so that the bottoms 15a of 
each mating pair of notches 15 are abutted against 
each other. In this condition, the extension portions 1 3 35 
of the one segment 11 are disposed inwardly of the 
semi-cylindrical portion 12 of the other segment 11, 
and are disposed substantially in contact therewith. 
Similarly, the extension portions 13 of the other seg- 
ment 1 1 are disposed inwardly of the semi-cylindrical 40 
portion 12 of the one segment, and are disposed sub- 
stantially in contact therewith. 

The adjacent segments 1 1 are angularly movable 
in an X-axis direction about a line which passes 
through the pair of meshing points (i.e., the bottoms 45 
15a of the intermeshed notches 15) in a Y-axis direc- 
tion perpendicular to the X-axis direction. The X-axis 
in Fig. 4 extends in the upward-and-downward direc- 
tion in Figs. 1 and 2. Therefore, the articulation 
assembly 10 can be bent in upward and downward so 
directions in Figs. 1 and 2. 

As shown in Fig. 2, the foremost segment 11 of 
the articulation assembly 10 is fitted in and fixed to a 
cylinder 21 , and similarly the rearmost segment 1 1 is 
fitted in and fixed to a cylinder 22. The front cylinder 55 
21 serves as a frame for the rigid portion 4 of the endo- 
scope. The front end portions of the strip and braid of 
the insertion portion 2 are fixedly secured to the outer 



periphery of the rear cylinder 22. 

Next, a mechanism for bending the bending por- 
tion 3 will now be described. As shown in Fig. 1, this 
mechanism comprises two operating wires 51 and 52. 
The operating wires 51 and 52 are fixedly secured at 
their one ends to an outer peripheral surface of a pul- 
ley 50 mounted within the body 1, and extend for- 
wardly from the upperand lower sides of the periphery 
of the pulley 50, respectively. The pulley 50 is connec- 
ted to a manipulation dial 53, mounted outside of the 
body 1 , via a shaft (not shown) extending through the 
side wall of the body 1. 

As shown in Fig. 2, at the insertion portion 2, the 
operating wires 51 and 52 are passed respectively 
through flexible guide tubes 55 and 56 of a small 
diameter. Each of the guide tubes 55 and 56 is formed 
by spirally winding a wire. The rear ends of the guide 
tubes 55 and 56 are fixedly secured to the body 1 in 
radially opposed relation to each other, that is, in 
opposed relation to each other in the upward-and- 
downward direction in Fig. 1. The front ends of the 
guide tubes 55 and 56 are fixedly secured to the inner 
peripheral surface of the cylinder 22 in opposed rela- 
tion to each other in the upward-and-downward direc- 
tion. 

As shown in Figs. 2 and 4, at the bending portion 
3, one operating wire 51 is passed through the guide 
portions 16 of alternate segments 11, and the other 
operating wire 52 is passed through the guide por- 
tions 16 of the other alternate segments 1 1. The front 
ends of the operating wires 51 and 52 are fixedly sec- 
ured to the inner peripheral surface of the cylinder 21 
In radially opposed relation to each other, that is, in 
opposed relation to each other in the upward-and- 
downward direction in Fig. 2. 

In the endoscope of the above construction, when 
the manipulation dial 53 is angularly moved in a coun- 
terclockwise direction (Fig. 1), the operating wire 52 
is pulled whereas the operating wire 51 is loosened, 
so that the bending portion 3 is bend downward in Fig. 

I. In contrast, when the manipulation dial 53 is angu- 
larly moved in a clockwise direction, the bending por- 
tion 3 is bent upward. 

The maximum angle of angular movement of the 
adjacent segments 11 relative to each other is deter- 
mined by the angle D (see Fig. 7) of opening of the 
notch 15 defined by its opposed side edges 15b and 
1 5b, because the side edges 1 5b of the notches 1 5 of 
one of the adjacent segments 11 are brought Into 
engagement with the steps 14 of the other segment 

II, respectively. The maximum angle of angular 
movement of the adjacent segments 11 relative to 
each other may be determined by the engagement of 
the edges of the semi-cylindrical portions 12 of the 
adjacent segments 11 with each other. 

The articulation assembly 10 of the above con- 
struction can withstand a much higher radial compres- 
sive force than the conventional articulation 
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assemblies can, and is less liable to be deformed or 
flattened, thereby protecting the optical fiber bundles 
1 and etc., received within this assembly. 

One reason for this is that the segment 1 1 can be 
formed by bending the plate 100 of hard spring metal 
since any portion of the segment 11 does not need to 
be worked or formed into a small radius of curvature, 
as described above. The segment 11 can well with- 
stand the compressive force particularly acting in the 
Y-axis direction (Fig. 4). 

Another reason is that the extension portions 13 
of one of the adjacent segments 11 are disposed in 
contact with the inner peripheral surface of the semi- 
cylindrical portion 12 of the other segment 11 at the 
opposite end portions of this semi-cylindrical portion 
12, and that similarly, the extension portions 1 3 of the 
other segment 11 are disposed in contact with the 
inner peripheral surface of the semi-cylindrical portion 
1 2 of the one segment 1 1 at the opposite end portions 
of this semi-cylindrical portion 12. When a compres- 
sive force acts on the segment 1 1 in the X-axis direc- 
tion (Fig. 4), that is, in a direction of an arrow in Fig. 
5, the segment 1 1 tends to be flattened. At this time, 
the extension portions 13 of the one segment 1 1 tend 
to be angularly moved outwardly about the meshing 
points of the intermeshed notches 15 of the adjacent 
segments 1 1 whereas the opposite end portions of the 
semi-cylindrical portions 12 of the other segment 11 
tend to be angularly moved inwardly about these 
meshing points. As a result, the extension portions 13 
are firmly abutted against the opposite end portions of 
the semi-cylindrical portions 1 2, thereby mutually limi- 
ting their movements. Similarly, the extension por- 
tions 1 3 of the other segment 1 1 and the opposite end 
portions of the semi-cylindrical portion 12 of the one 
segment 1 1 mutually limit their movements. Thus, the 
adjacent segments 11 cooperate with each other to 
prevent their deformation due to the compressive 
force. 

The present invention is not limited to the above 
embodiment, and various modifications can be made. 
For example, in the case where the segment is formed 
by a very hard, thin plate, the semi-cylindrical portion 
and the extension portions may have the same radius 
of curvature, with the steps omitted. The extension 
portion may be generally flat since it is short in the cir- 
cumferential direction. Further, when the bending por- 
tion is required to be bent in only one direction, only 
one operating wire is used. 

The bending device of the present invention can 
be applied to an electronic endoscope utilizing an 
image sensor and a surgical catheter. 



Claims 

1 . A bending device comprising: 

(a) an articulation assembly comprising a 



number of segments, each of said segments 
having a semi-cylindrical portion, and a num- 
ber of said segments being arranged along a 
line in such a manner that said semi-cylindri- 
5 cal portions of any two adjacent ones of said 

segments are directed in opposite directions, 
respectively; and 

(b) operating wire means for bending said 
articulation assembly, said operating wire 

10 means being subjected at its proximal end to 

an operating force, and said operating wire 
means being fixed at its distal end to a distal 
end of said articulation assembly; CHARAC- 
TERIZED in that 

15 each of said segments (11) has a pair 

of extension portions (13) extending respect- 
ively from opposite circumferential ends of 
said semi-cylindrical portion (12) in a direction 
of the circumference of said semi-cylindrical 

20 portion; a pair of notches (15) are formed re- 

spectively in opposite axial ends of said seg- 
ment at the boundary between each of the 
opposite circumferential ends of said semi- 
cylindrical portion and each of said extension 

25 portions; said pair of notches in one axial end 

of one of the adjacent segments are engaged 
respectively with said pair of notches in one 
axial end of the other segment opposed to the 
one axial end of said one segment, so that the 

30 adjacent segments can be angularly movable 

relative to each other about those portions of 
said adjacent segments engaged with each 
other; said pair of extension portions of said 
one segment are disposed inwardly of said se- 

35 mi-cylindrical portion of said other segment; 

and said pair of extension portions of said 
other segment are disposed inwardly of said 
semi-cylindrical portion of said one segment 

40 2. A bending device according to claim 1, in which 
said pair of extension portions (13) of each of said 
segments (11) are disposed in contact with the 
inner peripheral surface of said semi-cylindrical 
portion (12) of said segment disposed adjacent 

45 thereto. 

3. A bending device according to claim 2, in which 
each of said pair of extension portions (13) has 
the shape of an arc disposed on a circle substan- 

so tially concentric with a circle in which said semi- 
cylindrical portion (12) lies. 

4. A bending device according to claim 3 f in which 
the radius of curvature of the outer peripheral sur- 

55 face of said extension portion (1 3) is substantially 
equal to the radius of curvature of the inner 
peripheral surface of said semi-cylindrical portion 
(12), a step (14) being formed at the boundary be- 
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tween said semi-cylindrical portion and each of 
said pair of extension portions, and said step 
extending in the direction of the axis of said seg- 
ment and being inclined with respect to an imagi- 
nary line which passes radially transversely of s 
said semi-cylindrical portion and through the 
center of a circle in which said semi-cylindrical 
portion lies. 

5. A bending device according to claim 1, in which 10 
each of said notches (15) has a V-shape. 
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